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1 NTRODUCT I ON 

The purpose of this  report i s  t o  present a summary of the off-nominal 
phase V-2 certif ication testing results conducted on the SRB T V C  subsystem, 
dedicated to  the technical evaluation o f  th i s  f l i g h t  system. 

The TVC subsystem (figure 1) was subjected t o  19 off-nominal t e s t  
conditions. This t e s t  sequence consisted of :  8 burp s t a r t s  (AM fuel locked 
t e s t s ) ,  30 hot  f ir ings (27 completed), 14 GN- s p i n  t e s t s ,  and 3 servicinq- 
passive system tests  (actuator off-null, and FSM pressure decay t e s t s ) .  
f i r i n g  time totalled 3 5 6 0  sec (26 s t a r t s )  for rock system, and 3993 sec 
(30 s t a r t s )  f o r  t i l t  sysxem. G N p  spin time reached 1989.5 sec (10 starts) 
fo r  rnck system, and 2 1 8 3 . 5  sec ( 1 3  s t a r t s )  for  t i l t  system. 
a summnry o f  the V-2 off-nominal t e s t  seqxnce. 

Hot 

Table 2 presents 

The ac tua to r  gimbal programs used i n  the off-nominal t es t s  were B (GN2 

spins o n l y ) .  C2, D, and N*. Figures 2 through 5 show the proii?es used 
i n  a l l  these runs. 

Table 1 presents the par t  avd serial  numbers for the hardware employed 
i n  the tes t s .  

I n  summary, the T V C  subsystem operated nominally i n  response t~ t h e  

given commands and t es t  conditions. 
component or system mal function encountered. 

All objectives were accomplisiee W i t h  no 
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FUEL SYSTEM PRESS..RE i)ECtY TEST 1 

OBJECT~VE 

To demonstrate the standby capacity of the fuel system 

To o b t a i n  the 6N2 pressure variations due to temperature 
changes inside the fuel system. 

RESULTS 

The fuel system (FSM and associated lines between the service $anel 
and  the fuel isolation va?ve) was pressurized t o  400 +0/-25 psia for 11 
days. 
system to contain the above pressure level f o r  the 9-day c tandby period 
prior t G  the Shuttle launch. (See table 3 . )  This d a t a  also re'lects 
the temperature-pressure relationship. (See figures 6 and 7 ) No 
i n s u l a t i o n  was u s e d  i n  the FSM; therefore, the temperature readings i n  the 
N2H4 bottle compare favorably w i t h  the ambient temperature. HardaTe 
from the verification configuration V-2 was used for this  t e s t ;  constqLently, 
the line routing i n  t h e  fuel system was slightly different t o  the f l ight  
configuration. Table 4a shows t k  pressure variations a t  a constant 
temperature (68OF) f o r  different days. Table 4b *!so shows the pressure 
variations a t  75OF. 

The d a t a  obtained from the t e s t  aemonstrates the ab i l i ty  o f  the fuel 
-+A 
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91 14/79 
91 17/79 
9/ 19/79 
9/20/79 

DAY - 
91 13/79 
911 9/79 
912 1 I79 

TABLE 4A 

FUEL SYSTEM PRESSUR€ DECAY 3. 
PRESSURE AT 68OF 

ROCK S Y S T Z  TILT SYSTEM 

375 
375 
377 
375 

TABLE 
FUEL SYSTEM PRESSURE DECAY TEST 1 

PRESSURE AT 754 

367 
363 
NA 
363 

ROCK SYSTEM TILT SYSTEM 

384 
386 
386 

375 
373 
373 
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APU FUEL Lt!XED T E S 3  

OBJECTI VEE 

To de temine  tne -c.-sequeqces o f  opening the  APU Secondary speed c o n t r o l  

valve du r ing  a valve ledK check w i t h  p ressur ized  hydrazine locked between the  

fue l  i s o l a t i o n  and P,PU seccndary speed con t ro l  valves; and APU pr imary 

soeed and secondary speed c o n t r o l  valves. 

TEST SEQUENCE 

Test 1 (PO37-277) For t h i s  run, the  fue l  was l ocked  between t h e  APU secondary 

speed contra1 valve, and t h e  f u e l  i s o l a t i o n  valve.  (See 

f i g u r e  8.) The fue l  system's pressure was 20 ps ig.  

Test 2 (PO37-278) Reptat o f  t e s t  1. 

Test 3 (PO37-279) Same as t e s t  1.except 

Test 4 (PO3;-280) Repeat o f  t e s t  3. 

T e s t  5 (PO3:-281) For t h i s  run, t he  fue  

t h a t  system's pressure was 400 psi;. 

w a i  locked between the  APU p r  w r y  

speed and secondary speed c o n t r o l  valves, w i t h  the APU 

pr imary speed con t ro l  valve i n  the  c losed p o s i t i o n .  (See 

f i g u r e  8 . )  The fue l  system's pressure was 20 ps ig .  

Test 6 (PO37-282) Repeat o f  t e s t  5 .  

Test 7 (PO37-283) Same as t e s t  5, except t h a t  system's pressure was 400 ps ig .  

Test 8 (PO37-284)  Repeat o f  t e s t  7 .  

17 



RESULTS 

A se r ies  o f  t e s t s  was run s imu la t i ng  an i nadver ten t  secondary speed 

con t ro l  valve c y c l i n g  du r ing  the APU c o n t r o l  valves leak check. Dur ing 

these runs, pressur ized hydrazine was locked between the fuel i s o l a t i o n  

v a l v e ,  APU pr imary speed c o n t r o l  valve, and APU secondary speed c o n t r o l  

V a l  ve.  

During t e s t s  1 and 2, a sound s i m i l a r  t o  a r e l i e *  i n  pressure was 

heard f o l l o w i n g  the opening o f  the APU secondary speed c o n t r o l  valve.  

t u rb ine  speed was r e f l e c t e d  i n  the data. 

t o  overcome the a l lowable no i se  i n  the reading. There was a s l i g h t  increase 

i n  Gas generator bed temperature caused by the hydrazine r e a c t i o n  i n  the gas 

generator chamber. (See t a b l e  3 . )  Consequently, the t u r b i n e  exhaust 

temperature increased m i l d l y  ( 3  t o  4 degrees). This was the  r e s u l t  o f  warm 

gas l eav ing  the APU through the exhaust l i n e .  Thc increase i n  gas generator 

pressure rose when the valve opened. 

instantaneously t o  15-20 psig,  ( t h e  o r i g i n a l  pressure l e v e l  i n  the f u e l  

system), and then decreased t o  zero p s i g  2.5 seconds l a t e r .  

No 

It was probably too i n s i g n i f i c a n t  

The pressure increased almost 

A sharper, penetrat 'cg sound was emi t ted i n  t e s t s  3 and 4. Although, the 
data showed no signs o f  t u r b i n e  speed. 

temperature was s l i g h t l y  more than i n  t e s t s  1 and 2 .  (See f i g u r e  10 .) 
The tu rb ine  exhaust temperature a lso experienced t h i s  r i s e .  

more hydrazine entered the gas generator chamber. 

o f  the higher pressure i n  the f u e l  system. The f u e l  capac i t y  dJwnstream o f  

the fue l  i s o l a t i o n  va lve i s  approximately 11.27 i n3 .  

increased t o  60 p s i g  almost instantaneously  and decreased t o  zero p s i g  

3 seconds l a t e r .  

s e t t i n g .  

i n  the gas generator chamber dur ing t h i s  run .  

The increase i n  gas generator 

T h i s  means t h a t  

This was expected because 

The chamber pressure 

This h igher  reading was caused by the 400 p s i g  pressure 

There was no i n d i c a t i o n  of pressure r i s e  due t o  hydrazine r e a c t i o n  

18 



For t e s t s  5 t h r o u g h  8, no reaction was wesent.  The d a t a  showed 
no signs o f  pressure o r  temperature increase due to hydrazine decomposition 
i n  the gas generator chamber. 
approximately .028 i n  . 

The amount o f  fuel used in these t e s t s  was 
3 

Each of  these tes t s  lasted a round  2 . 5  seconds when the turbine 
underspeed redline became active.  The rock APU and fuel system o f  the 
verification testing hardware V-2 was used i n  these runs. 
11 2nd 12 show the transient d a t a  f o r  selected tes t s .  

Figures 
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TEST 1 

TEST 2 

TEST 3 

TEST 4 

TEST 5 

TEST 6 

TEST 7 

TEST 8 

TEST 1 

TEST 2 

TEST 3 

TEST 4 

TEST 5 

TEST 6 

TEdT 7 

TEST 8 

TABLE 5 
APLJ FUEL LOCKED TESTS 

APU TEMPERATURE BEHAVIOR 

A u u E L  
222 

255 

275 

288 

234 

230 
230 

220 

10 SEC. LATFq 

237 

267 

291 

306 

234 
230 
230 
220 

TURBINE EXHAUST TEMPERATGaE (OF) 

START 
77 

75 

77 

76 

79 

77 

78 

77 

MAX (A T CUT OFF) 

80 
79 

82 

83 
79 

77 

78 

77 

NOTE. LUBE OIL TEMPERATURE REMAINED CONSTANT THROUGHOUT 
EACH TEST (75-8O0Fl 

21 
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LOW RESERVOIR LEVEL -'ESTS 

OBJECTIVE 

To demonstrate t h e  hyd rau l i c  ~ V q t ? m l s  r e a c t i o n  t o  poss ib le  cond i t i ons  

createu by a d d i t i o n  o f  hyd rau l i c  cc,.:unia;ators t o  the NC subsystem. 

RESULTS 

The low hydrau l i c  r e s z r v o i r  l e v e l  t e s t  1 (PO37-286) and t e s t  2 (PO37-287) 
were conducted, w i thou t  any major anomalies, on September 25, 1979. 

rurl ( t e s t  PO37-285) has aborted because o f  e l e c t r o n i c  problems a f t e r  7.5 seconds 

o f  f i r i n g  t i m e .  

d i f f i c u l t i e s .  The r e s e r v o i r  l e v e l  was s e t  t o  50 PCT ( rock)  and 40 PCT ( t i l t )  f o r  

the f i r s t  f i r i n g ;  and 30 PCT ( rock )  and 10 PCT ( t i l t )  f o r  the  second. 

The f i r s t  

Once the  problem was corrected, t h e  t e s t  was repeated w i t h  no 

The average hyd rau l i c  temperature r i s e  was h igher  f o r  these t e s t s  than i n  

previous runs as  a r e s u l t  o f  l e s s  hyd rau l i c  f l u i d  i n  the  system. This increase 

i n  temperatur r i s e  f r o m  l Z ° F  i n  normal cond i t i cns  t o  25OF i n  low l e v e l  cond i t i ons  

wa; no t  de t r i r l ez ta l  t o  the s y s t e m  opera t ion .  Changes i n  r e c e r v o i r  l e v e l  r e f l e c t e d  

the increase i n  hydrau? ic  temperature f o r  these tests.  (See f i g u r e s  13 and 14 .) 

The expected l e v e l  drop dur'ng i n i t i a l  hyd rau l i c  supply pressure bu i l dup  was 

s i m i l a r  t o  t h a t  observed i n  nominal t e s t s  and the  r e s e r v o i r  p i s t o n  never came c lose  

t n  bottoming ou t .  The hyd rau l i c  supply pressure o s c i l l a t i o n s  remained unchanged 

throughout t h i b  l * u ~ .  (See f i g u r e s  15 and 16 . )  The data showed o n l y  a s l i g h t  

increase i n  pressure spikes amp1 i t u d e  du r ing  the  frequency response pe r iod  f o r  the 

Inan i fo ld  pressure i n  t i l t  systan. No v a r i a t i o n s  i n  the  number o f  pressure surges 

were  found. The r e s e r v o i r  pressure spikes remained a t  t he  same l e v e l  o f  previous 

hot  f i r i n g s  where the r e s e r v o i r  l e v e l  was s e t  a t  70 - + 5 PCT. 
18.) 

w i t h  the hydrau l i c  pressure i rans ien ts  shown i f l  f i g u r e s  15 tClrough 19. 

(See f igures  17 and 

Figure 28 presents J d e t a i l e d  area o f  t he  N* gimbal program t o  c o r r e l a t e  

25 



'J-2 hardware a i d  t h e  N* gimbal prcgram were a - - =d in these 
r m s .  T a b l e  6 shows the temperature and level variatic- both tests.  
c ) g u r e  13 shows t ? c  return pressure transients a t  ci cornon time 
? F - - ; X !  for  these tes ts .  The tzmperature readings were t a k e r  2 the reservoir. 

26 



TABLE 6 

LOW HYDRAULIC RESERVOIR LEVEL TESTS 

RESERVOIR PERFORMANCE 

RESERVOtR LEVEL ( E T )  

ROCK 

MIN MAX - - S T A R T  

TEST 1 (PO37-266) 46 43 48 
TEST 2 (Pi137- 287 31 29 33 

T I L T  - 
MAX - MIN 

39 35 39 
9 6 10 

- S T A R T  

HYDRAULIC FLUID TEMPERATURE (OF) 

TEST 1 (P037-28E) 
TEST 2 (f'O37-287) 

NOMINAL RUN TEST PO37-291) 

RESERVOIR LEVEL IPCT) 
I 

R B  

M A X  - MIN 

71 68 72 

- START 

T N  

START MAX 
72 69 73 

I 

HYDRAULIC FLUID TEMPERATURE (OF) 

54-71 OF 63-83 O F  

27 
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H I GH HYDRAULIC RESERVO I R LE JEL TESTS 

OBJECT I VE 

To demonstrate the hydraulic system reaction to  overfi l l  conditions 

in the TVC subsystem hydraulic reservoir. 

RESULTS 

The high hydraulic reservoir level t e s t  1 (PO37-288) and tes t  2 
(PO37-289) were successfully conducted on September 28, 197s. 

for  tke f i r s t  t e s t  was s e t  a t  85 PCT (rock) and 90 PCT ( t i l t ) ;  and a t  
90 PCT (rock) a n d  95 PCT ( t i l t )  for the second r u n .  The low pressure 

rel ief  valve in the hydraulic manifold was l e f t  uncapped to prevent any 
damcge in the reservoir in case o f  an unexoected overfilled condition 
(more t h a n  100 PCT) during the hot  f i r ings.  

The level 

Ihe d a t a  showed no sign5 of anomalies a s  a resul t  of the greater 
amount of fluid in the hydraulic systern. The hydraulic f luid temperature 
increased s l ight ly  less t h a n  i n  nominal h o t  f i r ings.  The reservoir level 
rose less  t h a n  i n  nominal t e s t s  because o f  t h e  lesser fluid temperature 
r ise  a n d  the low pressure re l ie f  valve being uncapped. (See figures 20 
a n d  

unaffected by the  higher reservoir level.  (See figures 22 and  2 3 . )  
21 . )  The hydraulic $upply a n d  return Pressure oscil latiors remained 

These runs used V-2 t e s t  harddare a n d  the N* gimbal program. 
temperature and  level variations for b o t h  t e s t s  a re  shown in table 7 
Figures 24  

periods for b o t h  t e s t s .  Figure 28 presents a detailed area o f  the N* 
gimbal  program to correlate with the hydraulic pressure transients shown 
i n  figures 22 through 2 7 .  

The 

through 27  show the pressure transients during common time 

L 
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TABLE 7 
HIGH HYDRAULIC RESERVOlR LEVEL TESTS 

RESERVOIR PERF Off HANCE 

RESERVOIR LEVEL (PCT) 

S T A R T  MAX 
TEST 1 (PO37-288) 84 82 84 

TEST 2 (PO37-289) 90 aa 90 

*LP R E L I E F  V A L V E  WAS L E F T  OPEN DURING THESE TESTS 

TEST 1 ( W 3 7 - 2 8 8 )  
TEST 2 ( m 3 7 - 2 8 9 1  

MI N - S T A R T  

90 86 
95 92 

H\ 3 R A U L I C  F L U I D  T E M P E R A T U R E  (OF) 

68-82 OF 
74-i30 OF 

NA 
N A  

I 
NOMINAL RUN (TEST PO37-291) 

RESERVOIR LEV€ L (PCT) 

TILT - ROCK - 
SfART 

7 1  

M! N MAX - I S T A R T  - MIN - 
68 7 2  72 09 I 

H Y D P A U L I C  F L U I D  T E M P E R A T U R E  (OF)  

5 4 - 7 1  OF 63-83 OF 

M b l  

00 
93 

MAX 

7 3  

- 
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CETAILED AREA OF N" GIMBAL PROGRAM 

4 -  
3 -  

0 2 -  
a 1 -  
w 

= 0 -  
0, -1  - 
0" - 2 -  

-3 - 0 

l l l l l l l l l l l l l l l l l l l l  
25 I 16 I 27 1 28 I 29 I -YY-l 30 31 J2 

-4 - 
-5 

24 

TILT ACTUATOR PISTON POSITION 

- 3  

-4 
1 1 1 1 1 1 1 1 1 1  

1 
46 41 48 

-5 ~ " l i l l l i ' l ' ~  
42 43 44 46 

NOTE: FOR TESTS PO37-286 THROUGH 280 

FIGURE 28 
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LOW FSM PRESSURE TESTS 

OBJECT I VE 

To determine the e f f e c t  o f  low FSM pressure on APU and T V C  

subsystem operat ions.  

RESULTS 

Five low FSM pressure t e s t s  were run on both systems. (See 

tab le  8 . )  No a b o r t s  o r  ;-elated problems r e s u l t e d  from t h i s  

cond i t i on .  The data showed no anomalies o r  d e t e r i o r a t i o n  i n  performance 

t h a t  could be damaging t o  t h e  system. 

A longer  APU s t a r t  pe r iod  occurred as expected, as a c ' i r e c t  r e s u l t  

o f  the l o w e r  FSM pressure. These t e s t s  proved t h a t  t h i s  c o s d i t i o n  was 

n o t  det r imenta l  t o  the system f o r  s t a r t i n g  pressures o f  150 p s i g  and above. 

Table 9 and f i g u r e s  29 through 32 i n d i c a t e  +.he t r e n d  prevalent  

i n  t h i s  sequerice. Figures 33 and 34 present the e f f e c t  o f  the low 

FSM pressure upon the APU s t a r t i n g  sequence and the h y d r a u l i c  system 

bypass valve c losu re  t r a n s i e n t  t o r  se lected t e s t s .  

The t u r b i n e  speed was n o t  a f f e c t e d  a t  FSM s t a r t i n g  pressures o f  350 
and 300 ps ig.  

remained the same, bu t  i t  s h i f t e d  down a few hundred rpm 

was 500 rpm a t  150 p s i g ) .  

t u r5 ine  speed dipped another few hundred rpm, b u t  the speed band stayed 

w i t h i n  the a l lowable l i m i t s .  (See f i g u r e s  55 through 38 . )  

A t  250, 200, and 150 ps ig  FSM pressure, the speed band 

( t h e  maximum s h i f t  

Also, dur ing h igh  l oad  per iods a t  150 psig, the 

There was no s i g n i f i c a n t  change i n  gas generator and f u e l  pump o u t l e t  

pressure. The nominal maximum pressure decreased by 25-50 p s i  between the 

f i r s t  and l a s t  t e s t .  (See tab le  10.) 
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P t a  wrcent o f  tim tne prinar., r - a ,  z 1  \ z ‘  .e ‘ng  these 

r L i - ~  ;ncrea>ed wi th  a lower FSM pre<\: L. * + * €  L . :=nge from 
~ 1 . 6  percent fot- 350 p s i g  tu 2 4 . 5  pcrce l i .  f o r  i s 2  ;I 

additional power required t o  rnaintai.7 the  ~ ~ , ~ j n a l  5;c ~ _ _  .. during the 

h a t  i i  r i n g  . 

- * a r t  pressure 
* ! c k  system. This was due  t o  t h e  s t i * i i  1 9  $e; 8 * .- ., , and the 

No change i n  gas generator  tewerat\ire increaj.’  ; ‘i .. 6xoerienced. 
(See t a b l e  8 . )  
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GN2 SPIN PORT LEAK TEST 

OBJECT I VE 

To determine the magnitude o f  hazard associated w i t h  leakage from 
the GN2 spin p o r t  d u r i n g  a hot f i r i n g .  

This t e s t  (PO37-295) was r u n  for 160 seconds and  no anomalies were 
reported. There was no degradation i n  system's performance. The turbine 
speed, gas generator temperature r ise ,  and pressure osc i l la t ions  remained 
normal. No change i n  primary control valve cycling performance and i n  APU 

s t a r t  transient period was observed i n  the da ta .  Both APUs were used for 
th i s  case. heat r~e1oace-l by the 
APJ was: 
(See figures 39 and 40 . )  Table 11 shows the general APU behavior 
compared t o  a nominal r u n .  

The GN2 spin port  temperature r i s e  due 
71-88 'F (95 O F  h i g h )  for  rock APU, 67-85 O F  for t i l t  APU. 

PRECEDING PAGE WANK NOT FILMm 
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HYDRAULIC MANIFOLD HIGH PRESSURE RELIEF VALVE LEAK TEST 

OBJECT I VE 

To determine the  consequences o f  a l e a k i n g  h igh  pressure r e l i e f  

v l v e  on the  hyd rau l i c  system performance. 

RESULTS 

Test PO37-298 was conducted on October 26, 1979. P r i o r  t o  t h i s  run, 

the rock  h igh  pressure r e l i e f  va lve i n  t h e  man i fo ld  was s e t  a t  2800-2900 

ps ig .  
t he  system was shut  down because the  FSM pressure dropped belcw t h e  

pressure r e d l i n e  o f  240 p s i g , i n d i c a t i n g  low f u e l  l e v e l .  

Excess f u e l  usage was r e q u i r e d  by t h i s  t e s t  because t h e  h y d r a u l i c  pump oper- 

e ra ted  a t  f u l l  capac f t y  througkcdt  t he  e q t i r ?  run.  

through the  r e l i e f  va lve  i s  70 qp?. 

the - t i l a t o r s ,  r e s u l t e d  i n  a cont inuous hp ou tpu t  by t h e  CIPIJ. The hyd rau l i c  

tetrperature r i s e  was much h igher  than i n  any prev ious t e s t  (53-267OF), i n d i c p t i n g  

t h a t  t he  pump operated c o n t i n u a l l y  a t  f u l l  capac i t y .  (See f i g u r e  43.) 

The hydraul i c  r e s e r v o i r  l e v e l  increase r e f l e c t s  the  e f f e c t s  o f  h y d r a u l i c  

temptrature r i s e  du r ing  the  h o t  f i r i n g .  

the  same p r o f i l e  and t e s t  d u r a t i o n  i s  10°F o r  l e s s .  

lower and the  band wider  (68.76-72.61 k-rpm), when compared t o  a p rev ious  

nominal ho t  f i r i n g  (71.5-74.3 k-rpm i n  t e s t  PO37-295). F igure 44 

shows the  t u r b i n e  speed t r a n s f e n t  du r ing  t h i s  run  f o r  bo th  100 and 110 

percent  APU opera t ions .  

temperatures a1 so experienced a l a r g e  inc rease becau;e o f  t h e  g rea te r  

hyd rau l i c  power r e q u i  . I  by t h e  TVC system. (See f i g u r e  45.) The percent  

o f  t ime the  p r i m r y  *;eLd c o c t r o l  va lve  s tayed open increased n o t a b l y  ( t o  

77.7 percent,  d u r i n g  t h e  f i r s t  20 sec) t o  ma in ta in  the  requ i red  power t o  

the ac tua to r  ( f i g u r e  4 6 ) .  

Dur ing the  f i r i n g ,  the  rock APU ran  f o r  105.5 sec. A t  t h i s  po in t ,  

(See f i g u r e  42.) 

T k  Texi-un f l o w  r a t e  

This  f low,  p lus  t h e  f l o w  r e q u i r o d  t o  gimbhl 
i 

The normal temperature r i s e  f o r  

The t u r b i n e  speed was 

The 3as generator  bed and t u r b i n e  exhaust 



Rock a c t u a t o r  gimbaled accord ing t o  tha imposed comnand except fo r  the 
checkout prof i le :  5 deg/sec, 1 deg. Ampli tude (see f i gu res  47 
and 38) .  A l so ,  the h y d r a u l i c  pressure o s c i l l a t i o n s  were normal d u r i q  

a17 the gimbal program except for t he  checkout p r o f i l e  (see figures 46 
and 49 ) .  The h y d r a u l i c  r e s e r v o i r  pressure was s l i g h t l y  l ower  

(61  p s i g )  than normal, because o i  the lower h y d r a u l i c  supply pressure 
w h i l e  the man i fo ld  r e t u r n  pressure wits s l i g h t l y  h ighe r  

because the high  pressure r e l i e f  va lve was r e l e a s i n g  pressure into the 
r e t u r n  pressure s i d e  o f  t h i s  component. (See f i g u r s  50. ) Sei ec t e d  

parameters i n  table 13 compare the o v e r a l l  TVC subsystems performance 

during th i s  hot  f i r i n g  t o  a nominal t e s t .  

( 7 1  ps ig )  
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NOMINAL TESTS 

OBJECTIVE 

To verify the condition of the TVC subsystem hardware and software 
fo l lowing  the ascent thrust  vector control (ATVC) r,ystem testing. 

To establish a data  base and u t i l i ze  this base for cdmparison 
purposes on succeeding off-nominal tes t s .  

To prepare and service the hydraulic system following actuator 
substitution. 

RESULTS 

A sequence o f  runs consisting o f  low pressure GN2 spin ( t e s t  PO37-3141, 
h i g h  pressure & N p  s p i n  ( t e s t  PO37-317), 20-second checkout hot f i r i n g  
( t e s t  P037-318), and ' ~ 1 1  duration hot f i r i n g  ( t e s t  P037-319), was conducted 
successfully between June 8 and June 20, 1980. All objectives were accom- 
plished, and  no hardware anomalies were present. 
an  early cu to f f  becauso o f  a f a c i l i t y  electronic problem. Test PO37-316 was 
aborted when the iijdraulic reservoir low level redline was violated. Afr i n  
the hydraulic system created this problem. 
d u r i n g  system's servicing. 
na further problems. Figures 51 through 5 7  show the behavior of 
several TVC components (;nu their. paramters. 
overall T V C  subsystem performance d u r i n g  the h i g h  pressure GN2 spin t e s t  and 
the f u l i  d u r a t i o n  nominal hot f i r i ng .  

Test Pu37-315 experienced 

These aborts are not uncommon 
Testing resumed a f t e r  the system was bled w i t h  

Tables 14 t h r o u g h  16 present the 



TABLE‘ 14 

TEST RESULTSON 

T E S T  NC 
D A T E  
T Y P E  
- - 

HYDRAULIC SUPPLY PR (RIG) 
SECONDARY PR (PSIG) 
HYDdAULlC RESERVOIR TEMP (OF) 
HYDRAULIC RESERVNR LFVEL (PCT) 
HYDRAULIC RESERVOIR PR (BIG) 
HYDRAULIC MANIFOLD PA I?SlG) 
LP RELIEF VALVE (PSIG) 
FSM TEMP (OF) 
FSM PR (WIG) 
TURBlh’.: SPLED (K-RCI)?) 

s. 4117 
MIM-MAX P f i 0 6 A A M  

LUBE O I L  TEMP ( O F )  

PO37-317 
5-13-80 
HIGH PRESSURE GN2 SPIN 

Tb 
1) AUX 

TURBINE SPIN PR (BIG) 
TURBINE SPIN TEMP (OF) 
AMBIENT TEMP ( O F )  

t .OCK 

-30 
31 0 
83-l1OoF 
76-75 (71)-?2 
64 
66 
MA 
76 
133 

- 

51.61 
38.55-4.44 

#-lU 
81-144 
((19 
MA (BAD MEAS) 
13 

T I L T  

31 60 
3185 2 19 
9? -1ZOOF 
74-11 (791-71 
66-67 
59-65 
MA 
15 
I33 

- 

5256 
4.88-47.91 

88- 1 58 
93-1 57 
no6 
K-41 
13 
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LOW HYDRAULIC RESERVOIR LEVEL TEST 3 

TEST PO37-320 

OBJECTIVE 

To demonstrate the hydraulic system reactSon to low f l u i d  leva1 i n  
the reservoir tor s noxinal f l i g h t  mission girr,bal program ("0" gimbal 
prof i 1 e ) .  

RESULTS 

The low hyaraul i c  reservoir level t e s t  5 (PO37-320) was successfully 
conducted ur Nay 20, 1980. Prior to s t a r t ,  the hydraulic reservocr level 
wcs s e t  to 10 PCT. The datl; shows an increase i n  temperature r i s e  as a 
result  o f  less hydrauiic f l u i d  i n  the system. 
for nominal reservoir level (70 PCT); and 37-38OF for a 10 PCT level.  
fiijilres 58 and 59 . )  This condition proved t o  be nonde'-imental to 
the ' v s t e m ' s  performance ( a s  stated for t e s t s  PO37-286 and PO37-287). 
h y d r a u l i c  supply pressure oscillationsremained unct,anged d u r i n g  the hot 
f i r i n g .  (See figure 60 . )  
reservoir and manifold pressure surges i n  terms o f  magnitude a n d  number. 
(Lee figure 61.) 
air  i n  the system. 
Tab12 17  shows the overall performance o f  the hydraul i c  system fol the 
tes t  . 

This r i se  amounted t o  25OF 

(See 

The 

There was no e f fec t  i n  L'le hydraulic 

The reservoir level dropped down to 6 PCT because of 
This was expected *-w the provided s tar t ing level.  



TABLE 17 

TESl ml' X O  
LOW RESERVOIR LEVEL TEST 3 

HYDRAULIC SYSTEM PERFORMANCE 

HYDRAULIC REASUREMENTS: 

HYDRAULIC FLU10 TEMPE!4ATURE 

RESERVOIR LEYEL 

RESERVOIR P R F s U R E  

MANIFOLD PRESSURE 

ROCK 

T! I T  

S1A RT - 
ROCK 10 

T I L T  10 

ROCK 

Ti LT  

ROCK 

?7-114(115) "F 

05-115 ilrt) 'F 

MAX - *IN 
u_ 

6 14 PCI 

a 10 PCT 

55-61 B J C  



A 
w 

YJ 
.d 

> 

e 
a 

a 

0 > 
W 
v) 
w 

0 

u.) 
t 

P 

0 
Y 

0 
c 

0 
0 
a 
0 
0 
b 
0 

0 
b 

0 

0 
0 
0 
a 
0 
a 
0 
m 

0 
0 

0 
8 
m 
0 

b 

I 
I 
I 
I 
I 
I 

I 

I 
t 
\ 

: \  
a 

0 

i 



Ly 
v) 
b u  a 

y1 
c 

0 
0 
0 . 
e . 
0 

e 

e 
0 
e 
0 
c 
0 
0 

0 

b 
8 
0 - 

e 
a 
0 
0 
8 
0 . * * . 

0 
e 
0 
e 
0 
0 
0 
e 

1 
i 
I 

I 
I 
I 
I 
I 
I 
I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

! 
I 

e- .l 
a 7 I I 

-1 
u 
1 t 

c 







N 
N i 





G$ SPIN TESTS 

1000 PSIG GL.2 SPIN PRESSURE 

OBJECT I VE 

To map performance o f  TVC subsystem when sub jec ted  t o  a s p i n  

pressure o f  1000 ps ig .  

RESULTS 

Five GN2 s p i n  t e s t s  were s u c c e s s f u l l y  conducted on March 22, 1980. 

Each s p i n  t e s t  l a s t e d  300 seconds. 

r e s u l t s  ob ta ined du r ing  these s e r i e s  a re :  

I n  s u m r y ,  the  most s i g n i f i c a n t  

a. Higher t u r b i n e  speed. 

b. Improved hyd rau l i c  system performance. (Pressure o s c i l l a t i o n s  

Higher lube o i l  temperature r i s e  as a consequence o f  t he  hig!!er 

du r ing  gimbal program are  more s table . )  
c .  

t u r b i n e  speed. 

The gimbal progran: used f o r  these runs was t h e  same as f o r  s p i n  t e s t s  

Add i t i ona l  data showing t h e  r e s u l t s  s e t  o f  GN2 sp in  pressures o f  800 ps ig .  

s ta ted  above p lus  o the r  fo l l ows .  [Tables 18 through 22 and f i g u r e s  63 
through 65.) 

The GN2 s p i n  pressure normal ly  drops 50-100 p s i  from t h e  o r i g i n a l  s e t t i n g  

o f  1000+50 - psig.  
each t e s t .  

T h i s  accounts f o r  the  d i f f e r e n c e  i n  pressure read ing  f o r  

Lube o i l  temperature readings u t i l i z e d  f o r  t h i s  mapping a r e :  T6AUX taken 

a t  the lube o i l  pump o u t l e t ,  and T6 taken 12 inches downstream. 



TAbLE 18 

TEST RESULTS ON 
TEST NO ?U7-321 - 
DATL 5 i n l M  

T Y I Z  
- 

HiGH PRESSURE GW2 Snl TEST (1- 6 I G )  - 

HYDRAULIC SUPPLY PR ( B I G )  

SECONDARY PR (PSIG) 

HYDRAULIC RESERVCIR TEMP ( O F )  

HYDRAULIC RESERVOIR LEVEL iPCf)  

HYDRAULIC RESERVOIR FR t r S l G l  

HYDRAULIC MANIFOLD PR (PSI61 

LP RELIEF V N V L  (KIGI 

FSM TEM? (OF) 

FSM PR. iPSlC) 

TURBINE S?EED (K-R?W) 

ROCK 

3250 t 10 

31 75 +2Y-O 

66-01 

14-73- 78 

3-107 

70 

129 

T I L T  

3110 +20/-0 

uo0+15/-10 

14-101 

77-71 - 7  6 

60 +5/-0 

Bo =t 

0-51 

68- 117 

131 

START 59.56 53.19 

MlW-MAX PROGRAM 42.45-48 u.m-u.as 

LUBE O I L  TEMP (OF) 

WIN PR ( P S I G )  

TURUINE s p a  TEMP ( O r )  

AMBIENT TEMP ( O F )  

1 8  68-133 66-147 

63-1 33 65- 148 TB A U X  

887 890 

14-44 80-29 

WP (BAD W A S )  NA (BAD MLASI 



TABLE 19 

TESTS n;E''LTS ON 

TEST NO m37-322 
DATE 5/22/80 - 
TYPE - 

H V D P  4ULIC SUPPLY PR ( B I G )  

SECONOARY PR ( P S I G )  

HYDRAULIC RESERVDIR TEMP ( O F !  

HYDRAZLIC RESERVOIR LEVEL (PCT) 

HYDRAULIC RESERVOIR PR ( B I G )  

HYDRAULIC MANIFOLD PA I E J G )  

LP RELIEF VALVE irSIG) 

FSM TEMP ( O F )  

FSM PR ( ? S t G I  

TURBINE SPEED IK-RmI) 

HIGH PRESSURE CNt WIN TEST (1000 P S I G )  

LUBE OIL TEMP ( O F 1  

TURBINE SPIN PR (PSIG) 

TURBINE SPIN TEM? !OF) 

AMBIENT TEMP ( O F )  

-107 

74-77 

NA 

NA 

5- 124 

70 

START 5 1 5 1  

MIM-MAX P9OGRAM 42.71-49.31 

T I  

1 6  AUX 

84- 1 50 

75-150 

915 

63-46 

NA 

YILT 

3180 Z20 

- 

+to  m o  -ls 

33-1 18 

'6-13-11 

MA 

0-71 

67 

134 

53.64 

43.03-49.84 

84-156 O F  

74-161 O F  

91 7-919 

74- 30 

MA 
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TABLE 20 

TEST RESULTS 'JN 

TEST NO m37-323 
DATE YtU80 
TYPE 

- - - 
HIGH PRESSURE GW? SPIN TEST (1000 PSIG: - 

HYDRAULIC SUPPLY PA ( B I G )  

SECONDARY PP (PSIS) 

HYDRAULIC RESERVOIR TEMP ( O F )  

HYDRAULIC RESERVOIR i EVEL (PCT) 

HYDRP.ULIC RESERVOIR PR IPSIGI 

HYDRAULtC MANIFOLD PR (FSIG) 

LP R t L l L F  VALVE (CSIG) 

F S M  TEMP (OF)  

FSM PR ( B I G )  

TURBINE s p m  (K-RWI 

ROCK 

3290 +zw- ta 

3110 -C 15 

97-117 

76-1 5-80 

N A  

MA 

127 

T I L T  

3190 t 10 

- 
3250 *25/ -1 0 

10s-1n 

77-74-71 

MA 

NA 

56-75 

67-58 

131 

START 53.44 53.10 

HIM-MAX PROGRAM u.59-49.27 42.M-49.72 

LUBE O I L  TEMP(Of1 

TURBlkE: SPIN TEMP [ O F )  

AMBIENT TEMP :OFF) 

T8  91- 157 96- 1 M 

T I  AUX 64-154 86-1 66 

910-913 91 7-915 

66-44 aa-zs 

MA MA 

"STARTED AT 122 P S l G  
1( STARTED AT 70 RIG 



TAB I-. i. 2 1 

TESTS RESULTS O N  

TEST NO 

DATE 

TYPE 

HYDRAULIC SUPPLY PR (RIG) 

SECONDARY P A  IPSIG) 

HYDRAULIC RESERVOIR TEMP (OF) 

HYOHAULIC RESERVOIR LEVEL (PCY) 

HYORAULLC RESERVOIR PR ( P S I G )  

H Y O P A U L G  MANIFOLO PR (PSiG) 

LP RELIEF VALVE (PSIG) 

FSM TEMP ( O F )  

FSM PFI (PSIGI 

W37-324 
5/12/90 

HIGH PRESSURE G M z  SPIN '1EST (1000 PsiGI 

3180 +15/-10 3250+30/-10 

I.< 107-1 28 a i a-! 25 

76-7 6-8 1 78-75-19 

HA NA 

NA N A  

e 1 2 8  0-90 

69 87-66 

137 139 

SYART 53.51 53.96 

LLlBE OIL TEMP ( O F )  

TURBINk SPIN P A  (PSIG) 

T l lRBlNE SP!N TEMP ( O F )  

AMBlEkT TEMP ( O F F )  

MIW-MAX PROGRAM 42.44-49.20 

16 104-181 

1 6  AUX a:- i 59 

913-910 

6)-46 

NA 

a2 12-49.80 

103-169 

9 1 - 1 7 3  

916-913 

75-21 

N I  
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TABLE 22 

TESTS RESULTS 01J 
~ 

TEST NO PO37-325 

TYPE H I G H  PRESSURE GNz SPIN YES? (i000 SIG) - 

HYORAULIC SUPPLY PR ( R I G )  

SECONDARY PA (PSIG) 

HYDRAULIC RESERVOIR TEM? ( O F )  

HYDRAULIC RESERVOIR LEVEL (PCT) 

HYDRAULIC RESERVCIR PR (RIG) 

HYDRAULIC MANIFOLD PR (PS:G) 

LP HELIEF V A t V E  (PSIG) 

F S M  TEMP (OF) 

FSM PR (PSIGI 

TURBINE $PEED (K-RPMI 

L!JBE OIL 1CMP 

TURBINE SPIN PR (PSIG) 

TURBINE SPIN TEMP (OF) 

AMBIENT TEMP ( O F )  

ROCK - 

3280+15 

109-129 

77 -7 6-81 

NA 

NA 

0-128 

69 

t 33 

3200 t 2 D  

R3l! + a/- 10 

117-1 3 

71-75-19 

%YA 

NA 

0-11 

67-66 

134 

STAR i 53.39 54. a4 

MIN-MAX PROGRAM 4489.-41).12 42.38-50.10 

T11 105-1 98 1 OS- 178 

T6 A J X  85-177 88- 180 

912-910 915-913 

a - 4 6  74-30 

NA MA 





GEAP3OX POST TEST TEPPERATGRE STABILIZkl 1 

OBJECT I VE 

To map the thermal conduction from the gearcase t o  t Q e  APU N2H4 

pump fo l l ow ing  a h igh  pressure GN2 sp in  and a hot f i r i n g .  

RESULTS 

The gecrbox p o s t  t e s t  temperature p r o f i l e  dur ing  h ign  pressure GNZ 

spin tes ts  and ho t  f i r i n g s  was obtained t o  study the e f fec ts  s f  heat 

t rans fe r  f r o n  the gearbox t o  the fue l  pump an the N2H4 temperature and the  

p o s s i b i l i t y  o f  N2H4 i g n i t i o n .  The data shows t h a t  the gearbc.. s k i n  temper- 
a t s r e  
the temperature r i s e  i n  the f u e l  pump reached 135-137OF w i t h  a 10-nrinute 
s t a b i l i z a t i c n  per iod (see f i gu res  66 and 6 7 ) .  This temperatu-e r i s e  i s  
n c t  detr imental t o  the APU, or t o  the N2H4 trapped i n  the  fue l  l i n e s  a f t e r  

a ho t  < i r i n g .  GR2 sp in  t e s t s  experienced a lesser  r i s e  w i t 5  the fue l  pump 

temperature reaching 115O.f (worst  case) and s t a b i l i z e d  i n  2 minutes. This 

resu l ted  from a lesser  tert,perature q d i e n t  (as expected) i n  the gearcase. 

Lube o i l  (gearbox) temperature f o r  ho t  f i r i n g s  reached 181-188OF and f o r  GNp 

sp in  tes ts  reached 166OF. 

s t a b i l i z e s  a t  155OF (worst case) dur i . lg  ho t  f i r i n g s ;  and consequently 

The measutements for  t h i s  ana lys is  were taken iit thc gearbox, fue l  pump 
top side, and fuel pump botton: s ide  o f  rock $?U. A l l  readings are s k i n  

measurements. 

d i t h  G N 2  sp in  pr'essurer o f  800 p s i g  and 1000 p s i g  respec t ive ly .  

t e s t s  l as ted  5 minutes. 

GN2 spins u t i l i z e d  f o r  t h i s  ana lys is  were PO37-317 and PO37-323 

H o t  f i r i n g s  invo lved were t e s t  PO37-319 and PO37-320. 

Both sp in  

115 
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HYDRAULIC PUMP COMPENSATOR FAILLIRE SI!k!LAmL:d3 

OBJECT I VE 

To simulate a hydraul ic  pump compensator f a i l u r e  and s x x r v e  i t s  

e f fec ts  on the TVC hydraul ic  system. 

RESULTS 

Test 37-329 and FO37-330 were successfu l y  conducted 3n June 2 
and 4, 1980. Test PO37-329 simulated the compensator f a i l u r e  i n  the 

backup mode (on ly  one APU operat ing)  wh i l e  t e s t  PO37-330 sirnti;ated the 

fa i lu rc !  dur ing a nominal mission. The t i l t  hydraul ic  pm;, ccTpensator 

was s e t  t o  3850-3900 ps ig  p r i o r  t o  h o t  f i r i n g .  

acceptably under the tes ts  condi t ions encountered. 

The TVC subsystem performed 

The n l C  a c t u a t o n f o l l o w e d  the conrnands imposed s i rn i la r l !  Lo nominal 

runs (see f igures 68 and 74). Addi t ional  f u e l  usage r e s u l t e d  from the 

greater iydra l ; l ic  power output  requi red by the new compensator s e t t i n g  (as 

shown by the fuel supply module pressure decay i n  f i g u r e  6 9 ) .  This 
cond i t i on  was re f l ec ted  b, hfgher 4PU ternperatures ( f i gu res  70 and 75), 
b u t  was n o t  detr imental  t o  the TVC subsystem operations. The APU tu rb ine  

ran a t  nominal speed for the baCKUp mode t e s t ,  bu t  silowed an increase i n  

speed band f o r  the 100-percent operat ion ho t  f i r i n g .  

performance resu l ted  from the greater power output  by the APU. 

was n c t  present i n  t e s t  PO37-329 because o n l y  t i l t  actuator  was gimbaled. 

I he  hydraul ic  f l u i d  temperature increased more than i n  nominal ho t  f i r i n g s  

because o f  the greater heat d i s s i p a t i o n  r e s u l t i n g  from :he add i t i ona l  

T h i s  degraded 

T'his behavior 

PRECEDING PAGE BLANK NOT FWED 

119 



hydraul ic  pump pressure output  ( f i g u r e s  71 and 76 ) .  Consequently, the 
r e , e r v o i r  l e v e l  rose s l i g h t l y  more than i n  nominal runs. The hyd rau l i c  

pua4 m a i n t a i w d  the requ i red  pressure throughout both hot f;r ings. The 

h j d r a u l i c  supply pressure experfenced a s l i g h t  degree o f  i n s t a b i l i t y  caused 

>! the a d d i t i o n a l  hyd rau l i c  power output. The i n s t a b i l i t y  cons is ted o f  

ry; e pressure o s c i l l a t i o n s  and g rea te r  ampli tudes (see f i g u r e s  72 and 77). 
T* i s  had no harmful e f f e c t  i n  TVC hardware performance. 

;-cssure r e l i e f  valve ac tua t i on  due t c  pressure surges. 

t> .pply pressure experienced no c l i p s  and the APU performance diminished s l i g h t l y  

a .  expected. 

i r  nominal prezsure and pressure spikes as expected. 

F gures 73 and 80 show a se lected t r a n s i e n t  area f o r  each h o t  f i r i n g  compared 
t a nominal run. 

The data show no h igh  

The hyd rau l i c  f l u i d  

The mani fo ld  r e t u r n  and r e s e r v o i r  pressures showed a s l i g h t  increase 

(See f igures 78 arid 79.) 

Tables 23 and 24 summarize the o v e r a l l  system's performance f o r  each 
t i r i n g .  

P r i o r  t o  these ho t  f i r i n g s ,  a se r ies  o f  GNp s p i n  t e s t s  were run  t o  se t  

and v e r i f y  t h i s  compensator s e t t i n g .  A minor proble,.) forced the r e p e t i t i o n  

o f  those runs when the hyd rau l i c  h igh  pressure r e l i e f  valve became a c t i v o  

several times du r ing  the s p i n  t e s t s .  This l ead  t o  a t u r b i n e  speed drop t h a t  

el!v&ually v i o l a t e d  the low speed red1 ines.  Adjustments F ide  before t e s t  

P03!-128 p r e w n t e d  t h i s  s i t u a t i o n  from reoccurr ing.  An a d d i t i o n a l  GN, sp in  

( t i ts f :  F037-,J1) was conducted w i thou t  any problems f o l l o w i n g  

f i r i n g  t o  s e t  and v e r i f y  t h a t  the hyd rau l i c  pump compensator 

t o  the o r i g i n a l  nominal pressure. 

L 

the l a s t  h o t  

s e t t i n g  returned 
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TABLE 23 

TEST RESULTS 3 N  

TEST NO. m37-329 
DATE 6/2/80 
TYPE FULL DURATION HOT FIRING T ILT  SYSTEM ONLY 

HYDRAULIC PUMP COMPENSATOR FAILURE SlYULATlOY BACKUP MODE 

TILT 

HYORAULIC SUPPLY PR.  (PSIGI 
SECONDARY PR. iPSlGi 
ACTUATOR DIFFERESTIAL PR. (PSIG)  
HYDRAUL!C REJESkDlR TEMP(OF) 
HYDRAULIC RFiERVOlR LEVEL ( E T )  
HYDRAULIC RESERVOIR Pn. (PSIG) 
HYDRAULIC MANIFOLD PR. iPSIG) 
LP RELIEF VALVE PR. (PSIG) 
CASE ORAIM PR. ( B I G )  
FW TEMP (OF) 
FSM PR. (PSIG; 
FUEL PUMP INLET PR. P S I G I  
MAXIMUM FUEL PUMP O U T L i T  PA. ( E I S )  
MAXIMUM GAS GENCRATOR PR IrSIG) 

GAS GENERATOR TEMP (OF) 
TUfiBlNE EXHAUST TEMP (OF) 

LUBE OIL TEMP 1 6  
TURBINE SPEED (I(-Am) 

T6 AUX 

3900 220 
NA 
WA (BAD MEAS.: 
98 - 140 
10 - 67 - 12 
70 - 17 
MA (BAD MEAS.: 
112-180 
MA 
84 - I 5  
367 - 2 0  
35: - 263 
MA 
1400 i A T  IS SECi 
1450 ( A T  GIMBAL PROGRAYl 
208 - 1151 (1175) 
88 - 654 
17.02 - 82.72 
94 - ZW 
92 - 216 
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TEST RESULrS ON ICONT.) 

TEST NO. W37-329 

DATE bi2.40 

TYPE FULL OURATION HOT FIRING TILT SYSTEM O N L Y  
HYDRAULIC PUM? COMENSATOR FAILURE 
SIMULATION BACKUP MODE 

VALVES CONDITION AN0 OPERATION 

HYDRAULIC 6YPASS VALVE 
FIV 
sov 
SWITCHING VALVE 

PCV CYCLING 

CONDITION 
VALVE TIME OPEN START 

PERCENT OPEN 
E NO 

NO GIMBAL 
5 DEGISEC 
GIMBAL PROGRAM 
END 

OPEN TRANSIENT 
C LOSl NG TRANSIENT 
PRESSURE O S C l l l  ATIOW 
START TRAWSlENT TIME 

HYORAULIC PRESSURE OSCILLAf lO IS  

5 OEGBEC LOW-HIGH 
GIMBAL PROGRAM 
NOMINAL PRESSURE 

1DW PRESSURE TRANSIENTS 

R E  SERVO1 R 
MANIFOLD 

OK 
ou 
O K  (110 K T  OPERATION) 
OK (110 I C Y  O M R A T I O M )  

OK 
150 rn 
140 Ms 

219% 
U3% 
31.9% 
1%- 
70 MS 

NA 
280 PSI 
t 9 7  SEC. 

28OO - 4100 616 
3580 - rgso PSIG 
3400 PSJG 

75 - 85 PSlG ' 5 5  PSlG MIN.) 
IYA 
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TABLE 24 
TEST RESULTS ON 

TEST NO. m37-no 
DATE 6/4/80 
TYPE HYCJRAULIC PUMP COMP"XSA1OR FAlLURE Sllll.'JLATION HOT FIRING 

HYORAULIC SUPPLY PR. ( P S I G )  
SECONOAb!Y PR. ( P S I G I  
ACTUATOR OIFFERENTIAL PR. (PSIO) 
HYDRAULIP SESERVOIR TEMP. ( O F )  
hVORAULlC RESERVOIR LEVEL (PCT) 
HYuRAULlC RESERVOIR PR. ( P S I G )  
HYOflAULIC MANlFnLO PA. (PSIG) 
LP RELIEF VALVE PR. ( P S I G )  
CASE DRAIN PR. (RUG) 

F W  TEMP (OF) 
FSM PR. ( P S I G I  
FUEL PUMP INLET PR. (PSIG) 
MAXIMUM FUEL PUM? OUTLET PA. (?SIC) 
MkXlMUM GAS GENERATCR ?R. (BIG) 

GAS GENERATOR TEMP (OF) 

TUREINE EXHAUST TEM? (OF) 
TVAEINE SPEED (K-RPM) 

LUEE OIL TEMP 1 6  
T6 AUX 

321 225 

UdI +f 
240 230 
84 - 110 
78 - 77 - 84 
80 - 68 
b2-71 
237 
62-71 

It 
373 - 282 
3u - 20 
Y 0. 
MA 

214 - 1125 (11PI 
90 - 57b (5841 
16.88 - 75.4B 
ga - 1 1  

85-188 

TILT - 
3875 + 301 -20 

3200 230 
NA 
92 - 133 
6 1 - 6 6 - 7 1  
73 - 19 
72 - 7 1  

Y5 

Iy .a 
83 - 84 

383 - 275 
355 - 265 
NA 

1200 (AT 15 SEC) 
1 3 s  (AT G I W A L  PROGRAM) 
207 - 1147 (1152) 
94 - 6 3  (625) 
8.84 ( 6 4 . 0 )  - 75.81 
80-114 
87 - 186 
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KSC COUNTDOWN SIMULATION TESTS 

OBJECTIVE 

To verify the KSC launch countdown procedures. 

To demonstrate the operational validity o f  KSC prelaunch red1 ines. 

To create a baseline t o  support f l igh t  data evaluation. 

RESULTS 

Tests PO37-332, PO37-334, and PO37-335 were successfull,, csnducted 
from June 9 through 19,  1980. All objectives were met w i t h  no l i f f i c u l t i e s .  
Tables 25 t h r o u g h  27 show the resul ts  obtained from these runs. 
Maximum a n d  minimum parameter readings were implemented t o  obtain a baseline 
for TVC performance based on the redlines implemented. The redlines imposed 
d u r i n g  the countdown phase were comfortably passed. Test PO37-333 was 
ahorted a f te r  142 seconds o f  riintime because a n  actuator prefil t ra t ion valve 
Mas l e f t  open during pretest servicing. This condiLion prevented the 
actuator from following the imposed comnand d u r i n g  t e s t .  
component malfunction resulted from this  m i s t a k e .  A l l  the h o t  f i r i n g s  
lasted 160 seconds. 

No anomalies or 

139 



v) 

W 
c 
a x 

c 
I 
c 
% 

I- 

t =I I 
U 

0- 

a 
a 

0 A 

c 

I 
rn c 

c c u 
0 

d 
Y 

- 
3 
-1 

X 

4: 
a 

u c 
0 
A d 

0 
a 
Q 
c 
w 
d 

5 

w > a 
a 
a 

& 

> 
a 

5 a 
& 

K 
0 
w 
v) 
U u 

4 
4 
> u. 

0, 

(i 
w 

Y 

% 

a 
d 
YL 

L 
-1 

a 
a. 

a 
3 
c s cn 

Y 

3. 
b- 
Y 

W 
U 



- 
c) 

f 
L 

0 0  
* t  .. 

n 
L 

I n 
aI 
N 

c c 
c 
(0 

N 
0 

I 
.I) 
0 

c 

0 
0- 

i 
0 

0 
N 

I cm 
N c 
c 

yr 
N +' 

m .. 
I 
0 .. . 

* UI 

+ 
0 

N 

B l 
a 

3 .. 
W 
I 

m h 
n 

m 
0 
rg , 
c m 

I 
c 

I 
0 

m m  
W h  
2 1  

o m  a n  
c c  
L C  

h 
w 
N 

4 
t 

U 
1 

C 
z c 

0 
0 
0 

E - 
a 
L 

c u m. - 
ce' 
a 

a 

L 

0 c 
U 
w 
1 
lu 
0 
VI 
U 
u 

0' 

E 
c 

K 
0 

c Ly 

Ly 
-1 

> 
d c 
0 
a a 

L 

2 
0 
Y, 
a 
f 
u 
a 

d s 
U 
0 > 
I 

Q. z 
c 

a 
F 

a 

Y, 

a 

a 

a 

L 
y1 

w 
Y 

0 

0 
I- 
U 
c u 

0, 

a 
% 
a 
2 
a a a 

0 
w 

Y 

d 

0 * 
X 

5 

a 

a 

0 
w 
Ly 
lA tu 

z a & z 
c 

c 

2 

a 
xr 
L 

Y c I 
Y - Y 

c c 
v) 

r 
X 
Y 
w 

a a 

I 
a 
a 
m 

c 

OT 
0 
c 
U 
Y 
1 
Ly 
0 

a > 
4 
0 
1 
0 
u 
w 
v) 

a Y 

a 

-1 
=I e 
0 * 
I 

u 
a 

-1 
3 
U 

0 +. 
I 

2 
a a a 
a 

d 

z s 

5 a 
E 
0 

c 
0 
% 

i 
0 c 

3 
Y 

3 
Y 

v) 

u 
a 



v) a 

3 
I 
I 
c 

c 
I 
I 

s 
c L c 

I 
0 

N m 

0 
.I 
N 

i U a 

4 
c 
c 
I 

N 
0 
N 

- 
c 
0 
I 

n a 

142 



ACTUATOR POST FIRING GINBALING 

OBJECTIVE 

70 demonstrdte ac tua tor  g i m h l f n g  dur ing the f i r s t  5 seconds 

fu l low ing  a ncrmal t e s t  c u t o f f .  

To ob ta in  the hydr i u l  i c  supply p -essure and APU tu rb ine  speed 

t r - n s i e n t  decay. 

RESULTS 

a t  1 deg/sec gimbal r a t e .  The 

a f t e r .  Two seconds l a t e r ,  an 

t o  n u l l  pos i t ion .  

A t  the end o f  t es ts  PQ37-332 through PO37-335, and p r i o r  t o  c u t o f f ,  

rock it., I t )  actuator was commanded t o  1.2 degrees extended ( re t rac ted )  

terminated imnediate:y there- 

returned the ac tua tors  back 

ho t  f i r i n g  was 

dent ica l  signa 

The data show5 t h a t  the actuators fo l lowed the commands imposed 

f o r  t h a t  gimbal r a t e  ( f i g u r e  82 ) .  

(see 

f i gu re  81 ) .  Tne trydraul i c  supply pressure experienced abnormal 

o s c i l l a t i o n s ,  7 cps altd - 600 ps i ,  

However, the nominal pressure was maintained through the  e n t i r e  gimbal ing .  

The l o w  hydraul ic horsepower ava i l ab le  i n  t h i s  area generated these pressure 

cycles. The hydrau l i c  pressure necessar j  t o  p o s i t i o n  the ac tua tor  was 
obtained from the horsepower ava i l ab le  dur ing  tu rb ine  speed decay. The 

tu rb ine  qpeed dropped fas te r  f o r  these t e s t s  than f o r  no gimbal cases 
because o f  the increased hydraul ic system f l o w  demand. This produced a 

fas te r  decay i n  hydrau l i c  supply pressure. For a normal c u t o f f ,  the tu rb ine  
Nheel stops tu rn ing  9 t o  10 seconds l a t e r .  This time de?ends on where 

the tu rb ine  speed peaked before c u t o f f .  For these runs, t h e  a v e r a g e  slowdown 

time was around 5 seconds. (See f i g u r e  8 3 . )  
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RECYCLE TEST 

E S T  PO37-336 

OBJECTIVE 

To demonstrate recyc le DrOCedum i n  case of an abort dur ing launch 

and tcl obta in  recyc le  t ime and data to map recyc le  operat ions.  

RESULTS 

Test PO37-336 us successful ly conducted on June 23. 1980. I t  

consisted o f  a 15 second run  s imu la t ing  a f l i g h t  abor t  p r i o r  t o  launch. 

followed by a f u l l  dura t ion  mission (160 seconds). A recyc le  t i m e  of 
40 minutes was obtained. T h i s  being the time i t  took tnc gas generator 

temperature t o  fa1 1 w i t h i n  f l i g h t  s p e c i f i c a t i o n  1 i m i t s  (190-2480f). No 
other cons t ra in ts  were observed dur ing t h i s  abor t  s imulat ion.  The data 
shows good systems operat ion du t ing  both runs w i t h  no anomalies or hazards 

presented by t h i s  sequence. Table 28 shows temperature and pressure 

parameters o f  i n te res ts  for t h i s  tes t .  
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TABLE 28 

WC SllBSYSTEM PERFORMANCE 
kECYCLE TEST 

TEST PO37 - 336 

S l M U U  TED ABORT FULL OURATION RUN 

HYDRAULIC S'JPPLY PR (PSIGI 3250 2240 + 2 0 / 4  

HYDRAULIC RESERVOIR TEMP (OF) 73 ;7 - 105 

HYDRAULIC RESERVOiR LEVEL (PCT) 

iP RELIEF VALVE PR (PSIG) t-111 1-147 

74 - 73 74 - 73 - 79 

FSM F 9  (PSIGI 

GAS GENERATOR TEMP, (OF) 

TURBINE EXHAUST TEMP ( O F )  

J7Ci - 363 
224 -432 

83-199 

363 - 278 

240 -1129 

83 -614 

LUBE 01 L TEMP T6 NA NA 

T6AUX 81 -88 81 - 1 9 0  

HYDRkiJLlC SUPPLY PR. (PSIS) 

HYDRAULIC RESERVOIR TEMP (OF) 

HYDRAULIC RESERVOIR LEVEL ( E T )  

LP RELIEF VALVE PR. (PSIG) 

FSM PR (PSIG) 

GAS GENERATOR TEMP (OF) 

TURBINE EXHAUST TEMP (OF1 

LUBE OIL TEMP ( O F )  T6 

TGAUX 

RECYCLE TIME 

. SYSTEM 

SIMULATED ABOR &LL DG 'RATION RUN 

3f30 3220~30 

81 84 - 114 

74 - 71 - 72 73 - 71 - 7 s  

0-55 4a-63 

375 - 362 

224 - 426 

80-200 

78 - 80 

80-82 

40 MINUTES 

366-281 

253 - 1135 (1140) 

81 - 6 2 1  

85-190 

80-203 



HYDRAULIC "UPASS VALVE FAILURE SIMLATION 

OBJFCTIVE 

To ob ta in  the hydrau l i c  f l u i d  temperature and hydraul ic  l e v e l  

behavior when the hydraul ic  bypass valve i s  l e f t  or f a i l s  open. 

To observe the APU and hydrau l i c  system performance. 

RESULTS 

Test PO37-337 was conducted on June 23, 1980. No problems were 

encountered dur ing t h i s  run. 
open f o r  the 160 sec hot  f i r i n g .  
temperature r i s e .  

r e j e c t i o n  t o  f l u i d .  

o f  lower  hydraul ic  temperature r i s e  (see f igures  84 and 85). 

no l e v e l  drop was observed dur ing  i n i t i a l  pressure bui ldup. 

oper2ted nominal ly because o f  the low horsepower output  required. 
actuators were not  c;irnbaled dur ing the tes t .  
TVC subsystem performance for t h i s  ho t  f i r i n g .  

The hydrau l i c  bypass va1.e was l e f t  i n t e n t i o n a l l y  

The data shows a low hydrau l i c  f l u i t  
This was dee t o  a very iow hydrau l i c  hp and low heat 

The reservo i r  l eve l  increased s l i g h t l y  as  a r e s u l t  

As expected, 

The APU tu rb ine  

The 

Table 23 presents the ove ra l l  
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HYDRAULIC PUMP COMPENSATOR FA1 LURE TEST 
H Y D R A U L I C  MANIFOLD H I G H  P R E S S U R E  RELIEF VALVE OPEN 

OBJECTIVE 

To determine the consequences o f  a compensator failure simulation 
and a le2king high pressure relief valve on the hydraulic system performance. 

RESULTS 

Test PO37-342 was conducted on Ju ly  15, 1980. The rock hydraulic 
pump Compensator setting was adjusted until the h i g h  pressure rel ief  valve 
i n  the hydraulic man i fo ld  relieved. Th is  sett ing took place d u r i n g  a GN2 

spin tes t ,  prior t o  this run. This resulted i n  a nominal hydraglic supply 
pressure o f  3950 psig. 
abor t ed  when the rock APU turbine speed stalled 

This hot f ir ing lasted 152.5 seconds and was 
(see figure 87). 

During  the hydraul ic pressure buildup following the bypass valve closed 
conmand, the pressure peaked a t  4500 p s i g  and  stayed above 4000 psig for 10 rns. 
Then, i t  stabilized t o  3990 psig in 110 ms [see figure 8 6 ) .  Crom there on, 
the nominal pressure dropped steadily t o  3860 psig a t  150 sec 
F i g u r e  58 shows the hydraulic supply pressure behavior Juring the entire r u n .  
This pressure 1 k - o ~  was caused by an  APU turbine speed slowdown throughout 
the tes t  as i t  tried to  ma in ta in  the required horsepower o u t p u t .  An oscil lation 
mode consisting o f  a 25-30 cps frequency and - +125 psi appeared t h r o u g h o u t  
the run. The h y d r a u l i c  f l u i d  temperature experienced a lesser increase 
( 9 3 - 2 3 9 O F )  t h a n  for tes t  PO37-298. 

The actuators were held a t  null during this  ho t  f ir ing.  
level r ise  reflected the increase i n  hydrablic fluid temperature. The 

(prior t o  c u t o f f ) .  

This indicates a lower hydraulic flow rate .  
The hydraulic reservoir 
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rese rvo i r  and manifc ld r e t u r n  pressure reached 80 p s i g  and maintained t h a t  

pressure for.most o f  the  t e s t  (see f i gu res  89 and 90). This r e f l e c t e d  

i n t o  higher 1 ow pressure re1 i e f  valve pressures . 

The APU operated of f -nominal ly,  as expected du r ing  t h i s  t e s t .  As the  
bypass valve closed, the tu rb ine  speed dropped t o  68 KRPM ( i n  200 ms) 
cont inu ing  dropping t o  40 KRRM 2 seconds l a t e r .  The nominal speed s t a b i l i z e d  

a t  4 1  KRPM and diminished s t e a d i l y  t o  37 KRPM near the end o f  the t e s t .  The 

tu rb ine  s t a l l e d  4 seconds l a t e r  a t  a 33 KRPM speed and reached zero r o t a t i o n  

2 . 5  seconds afterwards (see f i g u r e  88). The l a t t e r  speed decay i s  normal 

f o r  l o w  speed ccqd i t ions .  The low speed cond i t i on  observed resu l ted  from 

the APU maintaining the requ i red  horsepower output.  

valve remained open from the  hydrau l i c  bypass valve c losure  t o  APU c u t o f f .  

This occurred because the APU c o n t r o l l e r  received a low speed s ignal  and 

commanded the valve t o  open. This prolonged valve opening l e a d  t o  higher 

gas generator and tu rb ine  exhaust temperatures 

Lube o i l  temperaturo rose less  than i n  a nominal speed t e s t  and c l o s e l y  

fol lcwed a h i 3 h  pressure GN2 sp in  tes ts  behav-ior (see f i g u r e  92). The 

FSM pressure decayej more than i n  nosiinal t e s t s  because o f  the  e x t r a  fue l  

needed to  maintain the horsepcwer ou tpu t  ( f i g u r e  93). Table 30 presents 

the ove ra l l  TVC subsystem perfcrmance f o r  t h i s  ho t  f i r i n g .  

The primary speed con t ro l  

(see f i g u r e  91 ) .  
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PORTABLE CCMlAND S I GNAL C3ITROLLER (PCSC) 
FA I LURE S I MULAT I ON 

OBJECT I VE 

To determine the consequences o f  a command s ignal  l oss  t o  the 

actuators i n  the hydraul ic  system. 

RE s u LT s 

The t i l t  actuator  was pos i t ioned t o  3.5 degrees extended du r ing  

t e s t  PO33-344. 
actuator  response obtained. The actuator  re turned t o  n u l l  p o s i t i o n  i n  

700 nns f o l l o w i n g  a l i n e a r  path. 

gimbal r a t e  o f  5.75 deg/sec. Consequently, the hydraul ic  supply pressure 

dropped t o  950 ps ig  i n  60 ms and maintained 1250 p s i g  for 550 ms i n d i c a t i n g  

t h a t  the gimbal r a t e  exceeded the hydraul ic  pump f low c a p a b i l i t i e s .  
Hydraul i c  pressure recovery looked normal . Figure 94 shows the actuate,. 

comnmds and pos i t ions when the loss o f  s ignal  occurred. Figure 95 

shows the actuatcr  p o s i t i o n  and hydraul ic  supply pressure t rans ien ts  

dur ing t h a t  per iod.  

Then, the s ignal  from the PCSC was in te r rup ted ,  and the 

This s ignal  l o s s  produced a xiximum 
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ACTUATOR OFF-MULL Fi iGHT CIIT?F'- ._ i-:. ~. I ;': 

OBJECT I VE 

To simulate a f l i g h t  cutoff w i t h  the actuetors i n  +.tie o f f - n u l l  
position. 

RESULTS 

During  t es t  PO37-345, the t i l t  actuator was positimed t o  1 degree 
extended. The position signal to the actuator was discon'inued simulating 
f l i g h t  SRB separsttdn from the orbiter. Both the command In:- signal and 
the tes t  cutoff signal were execlrted simultaneously. 
indicates 190 rns difference between both signals. 
n u l l  i n  270 ms, fol lowing a linear p a t h .  The maximum gimbal rate has 5.4 
deg/sec. The hydraulic supply pressure dropped t o  950 p s i g  i n  60 ms and 
recovered immediately. FIgljre 96 shows the actuator comands and positions 
when cutoff, and comnand loss signals occurred. Figure 97 shows the 
actuator position and hydraulic supply pressure transients for t h a t  period. 

k c t u a : !  I ,  the data 
The act2d:I r returned to 
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FSPl PRESSURE DECAY TEST 1 

OBJECT I VE 

To ob ta in  the GN2 pressure v a r i a t i o n s  due t o  temperature changes 

ins ide  the fue l  system. 

To ob ta in  the GN2 pressure-temperature behavior dur ing the FSY 
pressur izat ion operations. 

RESULTS 

Test PO37-346 was conducted on Ju l y  22, 1980. For m i 5  run, the f u e l  

P r i o r  t o  t h i s  tes t ,  f l i g h t  type i n s u l a t i o n  was addea t o  the FSM, and 

system was pressurized t o  400+0/-25 psia and he ld  a t  t h a t  pressure f o r  12 
hours. 

the l ine  r o u t i n g  changed t o  meet STS-1 conf igurat ion.  

The fue l  system pressur izat ion was monitored t o  ob ta in  the pressure- 

temperature behavior and V a l  i d a t e  actual  TVC fue l  s e r v i c i n g  procedures, p lus 
prelaunch red l i nes .  The data consisted o f  u l lage,  l i q u i d  a r d  ambient 
temperature readings, and FSM pressure (P5) . 
pressure reached s t a b i l i t y  15 minutes a f t e r  the GN2 pressure and purge valve 
was closed. 

Pressure uecay f o r  the s t a b i l i z a t i o n  per iod t o t a l e d  20 p s i .  
Figures 38 and 99, p lus tab les 31 and 32 show the  temperature- 

pressure decay fo l l ow ing  the Pressur izat ion per iod.  

The recul  t s  demonstrate t h a t  FSM 

Most o f  the pressure drop occurred dur ing the f i r s t  2 minutes. 

(403 t o  383 psfa]  

The temperature-pressure va r ia t l ons  were m in i  tored f o r  12 hours. 

While the ambient temperature changed from 66 t o  84OF, the u l l a g e  temperature 

change to ta l led 6OF (78 t o  84OF): and the t o t a l  FSM pressure v a r i a t i o n  was 4.5 
P s i  !378+5 t o  383 Psis). 
for  t h i s  monitoring. 

Table 3: shows the temperature-pressure v a r i a t i o n  

This t e s t  employed the rock FSM and fuel system and the data base o f  

the FSM pressure decay t e s t  1. 
PRECEDING PAGE s U H I  



TABLE 31 

TIME 

START 

10SEC. 

20 S t  i. 

30 SEC. 

I SEC. 

50 SEC. 

60 SEC. (1 MINI 

10 SEC. 

80 SEC. 

90 SEC. 

95 SEC. 

100 SEC. 

105 SEC. 

:IO SEC. 

- 

2 MINUTE PRESSUAlfAnOW TRANSENT 
FSM PRESSURE DECAY TEST 2 

SKIN TEMP 
P5 11  Lia. TEMP 

403 82 82 

482 82 82 

402 a2 82 

461 82 62 

401 P 82 

bm U 82 

148 a2 82 

3m 82 a2 

3%1 a2 a2 

397 a2 a2 

Ja1 a2 82 

392 mz E2 

388 It 83 

383 U 82 



TIME 

START 

1 MIN. 

2 WIN. 

3 MlN. 

b MIN. 

5 MIN. 

6 MIN. 

7 MIN. 

8 MIIY. 

9 MIN. 

10 VIM. 

11 MIN. 

12 MI#. 

13 MIIY. 

-- 

13 MlM 2ci SEC. 

TABLE 32 
PRESSURIZATION TRANSIENT 
FSM PRESSURE DECAY TEST 2 

SKIN TEMP 
11 LKI. TEMP - Ps 

403 It 12 

400 c2 d? 

384 u 83 

385 I 2  83 

315 12 83 

385 12 I? 

34 82 13 

- 

384 12 a3 

3 34 12 13 

3)5 12 13 

3 4 1  I 2  83 

2-84 a2 13 

3u 82 83 

1 3  It a3 

38 3 82 a3 
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TIME 

5 1 2  AM 

6:06 AM 

6:SO AM 

7.19:30 AM 

?:40 &M 

8:3C AM 

Pr20 AM 

1 O : l O  AM 

11:OO AM 

11 :sa AM 

12:a pkl 

1.3opkl 

2.20 PII, 

3.10 W 

4.00 m 
4.50 PM 

5.40 PM 

- 

TABLE 33 
TEMPERATURE - PRESSURE YAPIATIONS 

F S M  PRESSUR€ DECAY TEST 2 

SKlrl TEMP 
1 1  

E2 

- 
a i  

a i  
81 

d l  

00 

80 

80 

80 

61 

61 

81.5 

82 

a2 

a2 

92 

S t  

Ps 

a3 

3.0 

379 

379 

379 

378.5 

378.5 

378.5 

379 

380 

-c 

319 

381 

381 

3sl 

381 

281 

388 

U L t  T W C  -- 
t 4  

a0 

79 

79 

78 

11 

' f  

79 

80 

I 1  

It 

us 
13 

t? 
83 

U 
I 1  

Mil. TEMC 

74 

m 
9 

66 

67 

11.5 

7 3  

74 

71 

00 

41 

u 
01 

80 

79 

75  
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APPROVAL 

SOLID ROCKET BOOSTER 

THRUST VECTOR CONTROL 

V - 2  OFF NOnINAL TESTING 

REPORT 

The informat ion i n  t h i s  r e p o r t  has been reviewed f o r  s e c u r i t y  
Review o f  any informat ion concerning Department o f  c l a s s i f i c a t i o n .  

Defensz o r  nuclear energy a c t i v i t i e s  o r  programs has been made by 
the MSFC Secur i ty C l a s s i f i c a t i o n  O f f i c e r .  This repor t ,  i n  i t s  
e n t i r e t y ,  has been detenniped t o  be unc lass i f ied.  

. .____ 

D i  I cc tor  
Sti-uctures atid Propul sion Laboratory 
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Chief 
Propulsion Control Branch 


